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During the last years there has been a significant worldwide increase in 
the number of wind farms. This kind of energy can have negative impacts, 
such as the direct mortality or lethal injury of birds and bats caused by 
collision with wind turbines. In order to evaluate bird (or bat) mortality 
regarding wind power generation facilities, strict monitoring protocols are 
required which must take into account the possibility of carcass removal 
by scavenging animals or decomposition before the monitoring session. 
For this purpose, carcass removal trials with 180 carcasses representing 
three size classes (small, medium and large) were conducted in two seasons 
(Spring and Autumn) at three wind farms located in the central region of 
Portugal. No significant differences were found between removal rates of 
different wind farms or size classes contrarily to seasons, which presented 
an average carcass removal time of 3.9 and 4.6 days, respectively for Spring 
and Autumn. The results of the present study showed the importance of trials 
to estimate the carcass removal rates, which influences the survey effort 
management and consequently the monitoring protocols. The experimental 
design for future trials in the same region should account for season effect 
and be conducted using daily checks of the carcasses for, at least, 15 days.
Introduction
 Nowadays, wind is considered worldwide as one of the most promising energy 
sources found in nature. Despite the obvious benefits of wind turbines as a clean 
energy source, the construction of wind farms can be responsible of impacts on 
flying vertebrates, such as fatality through collision with rotating turbine rotor 
blades, habitat modification, barrier effect or disturbance in nesting areas [1-4]. 
These impacts, especially the birds and bats mortality, became a source of major 
concern among a number of stakeholder groups [5-10]. In fact, results obtained 
during several monitoring studies indicated that wind farms were responsible for the 
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decrease in some species’ populations [11-14] although many other studies revealed 
that these impacts were not important when compared to those originated by other 
infrastructures [15-17]. Nevertheless, the potential for wind farms to affect bird or bat 
populations should not be underestimated [11,18]. 
 During the last two decades, the need to properly assess the impacts on flying 
vertebrates led to the development of methodologies for evaluating bird and bat 
fatalities in existing and planned wind facilities developments. Current post-
construction monitoring protocols require that carcass estimates under turbines are 
adjusted taking into consideration the rate at which carcasses decompose or are 
removed by scavengers [2,19,20]. Therefore, most recent studies include carcass 
removal trials, although few follow the exact same protocols [21,22]. Furthermore, 
even fewer studies have been conducted with the specific aim of improving the 
protocol design for this kind of trials [23,24]. Thus, it is necessary to develop a single 
and robust methodology in order to validate any results or comparisons between wind 
farms, allowing at the same time a correct evaluation of the impacts regarding its 
construction [17].
 Over the years protocols have tended to become more strict and demanding 
[19,20,25-27]. However, they often increase the monitoring costs, which is a problem 
due to the limited budgets of many monitoring studies. Hence, it is crucial to develop 
efficient methodologies that consider cost/benefit relationships [28], maximizing 
effort reduction without compromising the quality of the results. To achieve this 
goal, it is necessary to clarify the influence of effort reduction in monitoring and 
consequently in a correct assessment of the results. 
 The aim of this study was to evaluate the importance of conducting carcass removal 
trials in order to achieve a correct evaluation of bird mortality regarding wind power 
generation facilities, and to optimize the survey effort employed in monitoring 
protocols. It was conducted with data collected during monitoring studies of bird 
mortality at three Portuguese wind farms.
Methods
Study area
 The studied wind farms are located at the central region of Portugal (Fig. 1), each 
comprising a series of mountain ridges. 
 Caramulo wind farm is situated at Serra do Caramulo (maximum altitude of 
1076.57 m a.s.l.) and comprises 45 wind turbines subdivided along five smaller units, 
each turbine with a power of 2.0 MW. The vegetation consists mainly in shrubs and 
scattered trees (Quercus robur and Quercus pyrenaica) on the mountain ridges, and 
cereal fields in some areas. Average annual temperature and rainfall vary between 10-
12.5ºC and 2000-2400 mm, respectively. This facility is supported by Generg Ventos 
do Caramulo, Lda. (Portuguese Promoter GENERG Group).
 Pinhal Interior wind farm also comprises several smaller units along Serra de Alvelos 
(1084 m), Cabeço da Rainha (1080 m), Moradal (885 m) and Perdigão (566 m), consisting 
in 58 wind turbines, each with a power of 2 MW, with the exception of Alvelos, which 
Wildlife Biology in Practice 2011, 7(2)  || 3
presents each turbine with a power of 3 MW. In the last decades the autochthonous 
vegetation has been replaced by pine (Pinus pinaster) and eucalyptus (Eucalyptus 
globulus) trees, however due to forest fires most of the area is now occupied by low-
growing shrubs of the genus Erica and related genera. Average annual temperature 
ranges from 7.5 to16ºC and rainfall from 800 to1600 mm. This wind farm is supported 
by GENERVENTOS do Pinhal Interior – (company also included in Generg Group).
 Lousã wind farm, located at Serra da Lousã (maximum altitude 1205 m a.s.l.), 
comprises 14 wind turbines, each with a power of 2.5 MW. The vegetation consists 
in low shrubs (Erica sp. or Calluna vulgaris), herbaceous vegetation, oak forests 
and plantations of coniferous and mixed woods [29]. In this area, average annual 
temperature ranges 9-22ºC and rainfall 1000-1800 mm. Parque Eólico do Trevim, 
Lda (Iberwind Group) manages this facility.
Fig. 1. Location of each wind farm in Portugal. Black dots represent single wind turbines.
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Field methods and analytical approach
 The carcass removal trials were conducted in two seasons (Spring - May/June; 
Autumn – September/October) since, according to the monitoring protocol design 
for all three wind farms, carcass searches are restricted to these periods [30-32]. 
Specifically, Spring trials were performed from the 7th until 27th of May, 14th of 
May until 8th of June and from 6th until 30th of June for Lousã, Pinhal Interior and 
Caramulo wind farms, respectively. During the second season (Autumn), the trials 
were conducted between day 3 and 23 of October, in all sites.
 Complete and fresh carcasses of parakeets (Melopsittacus undulates), quails 
(Coturnix coturnix) and partridges (Alectoris rufa) were used to represent birds 
of three size classes (small – ≤15 cm and ≤50g, medium – 15-25 cm and 50-200g; 
large – ≥25 cm and ≥200g) and more accurately reflect realistic removal rates 
[33]. Carcasses were obtained in avian breeding facilities. Handling was always 
performed with lab gloves to prevent human odour contamination. 
 In each farm, 10 carcasses of each size class were placed per season, comprising 
a total of 180 corpses. The carcasses were placed near the turbines or associated 
infrastructures (range 8- 42 m distance), randomly, independently of the size class, 
and at a minimum distance of 500 m from each other. After its placing, all carcasses 
were checked daily, every morning, until their removal for a maximum period of 20 
days.
Statistical approach 
 Carcass removal trials involve measuring the time until carcass removal. The 
obtained data were examined using Survival Analysis [34]. Standard statistical 
approaches were discarded based on the positively skewed removal time distribution 
[35] and on the presence of censored observations (carcasses with removal times 
beyond 20 days).
 The survivor function, that in this context describes the probability of a carcass 
being removed beyond a time t (or persist until t), was estimated using the Kaplan-
Meier estimator. The Log-Rank test was used to test the existence of significant 
differences between survival curves of different farms, seasons and size classes 
[36]. 
 Also, according to the variety of survey effort methodologies used in the last 
decade in monitoring studies, some reduction effort scenarios were selected to 
evaluate its influence in the results obtained, by comparing it to the used field effort 
methodology (daily checks through 20 days). The resulting survivor distributions 
were compared using the Wilcoxon test. Four inspection scenarios were tested 
against the used methodology, in all wind farms:
- Daily checks for 14 days [37];
- Daily checks for 7 days [38]; 
- Checks every other day for 20 days;
- Daily checks in the first 4 days and then in the 7th, 10th, 14th and 20th days [39].
 Statistical analysis was performed using R software [40]. Data were analysed 
under a 0.05 level of significance.
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Results
 The majority (>80%) of the 180 carcasses used was removed in the first week after 
its placement (Fig. 2). After the 15th day, none of the carcasses were removed until 
the end of the sampling period, disappearing eventually by decomposition (n=13). 
Fig. 2. Histogram of the removal times of non censored carcasses.
 The Log-Rank test (Fig. 3) showed no significant differences for the carcass removal 
times between farms (χ2= 4.5; d.f. = 2; p = 0.107) or size classes (χ2= 1.9; d.f. = 2; 
p = 0.384). However, removal times differed significantly between seasons (χ2= 5.3; 
Fig. 3. Survival functions determined with the Kaplan-Meier estimator. A - between seasons; B - between 
wind farms; C - between carcass sizes.
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d.f. = 1; p = 0.021). The data analysis showed that in Spring the carcasses were removed 
faster, with almost 80% disappearing in the first 5 days (Fig. 4). In Autumn, within 
the same period, only 60% of carcasses were removed, reflecting a lower carcass 
removing probability throughout the sampling period (20 days). Mean carcass removal 
time (standard deviation in brackets) in the wind farms was 3.9 (0.34) and 4.4 (0.37), 
respectively in Spring and Autumn.
 Considering the survey effort comparisons, once no carcasses were removed after 
the 15th day, there were no changes in the survivor curves of any wind farm when 
the trial length was reduced from 20 to 14 days. However, when the survey effort 
was reduced to 7 days (Fig. 4A) the resulting survivor curves differ significantly 
for both seasons (p=0.0346 and p=0.0143, for Spring and Autumn, respectively). 
Also, when the survey effort reduced to one check every other day (Fig. 4B) the 
curves differed significantly for both seasons (p=0.022 and p=0.014, for Spring and 
Autumn respectively). Considering the last scenario, the survey effort consisted in 
daily checks in the first 4 days followed by surveys conducted only on the 7th, 10th, 
14th and 20th days (Fig. 4C), again the survivor curves differed significantly for both 
seasons (p=0.005 and p=0.002, for Spring and Autumn respectively).
Fig. 4. Survival functions determined with the Kaplan-Meier estimator according to the survey effort 
performed. A - comparison between daily checks for 20 and 7 days, for both seasons; B - comparison 
between daily checks and every 2 days, for a period of 20 days, for both seasons; C - comparison between 
daily checks and checks every day until the 4th day and then only in the 7th, 10th, 14th and 20th days, for a 
period of 20 days, for both seasons.
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Discussion
 In our study we did not found a significant effect of bird size on carcass removal 
times. This may be related with specific biophysical characteristics of the mountain 
ridges, since the same result has been observed in other regions of Portugal [41]. In 
contrast, studies performed for instance in the north of Portugal, with exactly the same 
species, detected significant differences in removal rates between class sizes [42]. 
Nevertheless, in this study significant differences were detected between seasons, with 
the corpses disappearing faster in spring/early summer than in autumn. This result is 
similar to those described in several other studies performed at Portuguese wind farms 
[43-45] possibly due to different scavengers activity between seasons [22].
 Although the differences between seasons seem relatively small and some times 
negligible, they must be taken into account, since it can produce significant bias 
in the mortality estimates (Table 1). To exemplify the importance of even slightly 
different removal rates, let’s consider that the mortality rate (number of corpses per 
period of time) can be simply estimated by:
M = 
where Ci, is the total number of carcass found at the i-th search; ri the removal 
correction factor ( proportion of carcasses that persist unscavenged at the i-th search); 
and p the detection rate (in this case, we assume 0.25)[46]. Considering that, during 
one of the Spring searches, the carcass of 1 bird, which died 5 days before, is found, 
the removal correction factor is 0.23, which would result in a mortality estimate of, 
approximately, 17 birds (i.e. M= 1/(0.25×0.23)), for that period of time. However, 
if the same situation occurred during Autumn, the mortality estimate would be 
considerably lower, 10 birds (i.e. M=1/(0.25×0.40)). Naturally, the estimates differ 
even more as the number of observed mortality and the time between the  bird´s death 
and the i-th search increases (e.g. C=5, found 7 days after death; M=143 and M=91, 
respectively, during Spring and Autumn).
Table 1. Mortality estimate (estimated by estimator presented in [46]), considering different removal rates 






Mortality estimate (M) Removal 
rate (r)
Mortality estimate (M)
C=1 C=2 C=5 C=1 C=2 C=5
1 0.81 4.9 9.9 24.7 0.84 4.8 9.5 23.8
2 0.63 6.3 12.7 31.7 0.67 6.0 11.9 29.9
3 0.40 10.0 20.0 50.0 0.56 7.1 14.3 35.7
4 0.29 13.8 27.6 69.0 0.48 8.3 16.7 41.7
5 0.23 17.4 34.8 87.0 0.40 10.0 20.0 50.0
6 0.19 21.1 42.1 105.3 0.31 12.9 25.8 64.5
7 0.14 28.6 57.1 142.9 0.22 18.2 36.4 90.9
 Despite the differences between seasons, the high rate at which the carcasses were 
removed in the three wind farms was similar to that reported for other studies developed 
at North America and Europe, in similar mountain ridges [9,47-51], with more than 80% 
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of the carcasses removed until the end of the first week. Strickland et al. [52] reported 
the mean carcass removal time between six and seven days for birds and about 10 days 
for bats at Buffalo Ridge, Minnesota. Also at this site, Higgins, Dieter, and Usgaard 
[9] reported scavenging of 12 from 15 carcasses (80%) after one week (two trials). At 
Vansycle wind farm located primarily in wheat fields, small carcasses lasted on average 
15 days [39]. At the Buffalo Ridge Wind farm, small carcasses persisted on average 4.7 
days, whereas small birds at Foote Creek Rim persisted 12.2 days [48]. Also, Wobeser 
& Wobeser [53] reported that nearly 80% (79.2) of the chicks placed in a mixed grazed 
pasture were removed within 24 hours. In France, Pain [54] estimated duck carcasses 
lasted an average of 1.5 days in open vegetations, whereas those concealed by vegetation 
or those in water lasted 3.3–7.6 days. At Tehachapi Pass (EUA) small and large carcasses 
endured an average of 3.1 and 2.12 days, respectively [48].
 This high decrease of animal corpses in the first days clearly influences the survey 
effort management and monitoring protocols, mainly regarding the estimation of 
removal/decomposition rates and consequently the mortality evaluation in wind farms. 
No significant differences were found in the survivor curves when the trial length was 
reduced from 20 to 14 days, which is explained by the absence of carcass removal in 
this last five days. In the scenarios where the survey effort was considerably reduced, the 
resulting survivor curves changed significantly. For example, during Autumn with daily 
checks, the carcass persistence probability at the end of 6 days was 30%, while in the 
last scenario tested (daily checks in the first 4 days and then in the 7th, 10th, 14th and 20th 
days) this probability increased to 50%, underestimating the wind farm mortality rate. 
Therefore, in similar mountain ridges it seems advisable to check carcasses daily, for a 
minimum period of time of 15 days.
 Although these results cannot be directly extrapolated to others regions, considering 
that the majority of studies also presented removal rates specially high during the first 
days of the trails, is legitimate to assume similar results in other wind farms, which 
highlights the importance of developing strict monitoring protocols, mainly regarding 
survey effort. According to Table 2, within 30 monitoring studies performed in the last 
decade with removal trials, 43.3% carried out daily checks for a minimum of 14 days. 
Still, the majority of these studies presented monitoring protocols less strict, justified by 
financial and logistical limitations that must be contested facing these results.
 In the three wind farms studied, and since the inspection periods were restricted, the 
removal trials had to be performed just in two seasons (Spring and Autumn). Thus, 
further research should be conducted at several other wind farms located in the same 
region, especially during winter and summer, in order to determine if the differences 
between the removal times remain. In fact, recent guidelines recommend that removal 
trials should be performed at least four times a year [20]. As explained above, small 
differences regarding the removal rates can significantly bias the mortality estimates. 
So, if no previous studies have been conducted in the vicinity of a new wind farm, 
we propose that the removal trials should be performed throughout a year (to include 
seasonal effects), with daily checks. Once these rigorous trails have been conducted 
(considering different seasons, carcass sizes, etc.) and similar conclusions have been 
achieved for the region, the team responsible for developing the monitoring program 
of a new wind farm should be able to evaluate if new removal trails are really needed 
or if they can be redesign. Nevertheless, it is clear that further studies are required to 
optimize the trials design and achieve the best cost/benefit relation.
Wildlife Biology in Practice 2011, 7(2)  || 9
Acknowledgments
The authors would like to thank those who took part in the field work. We also would like to thank Bio3 
Lda, for all financial and logistical support, and Grupo GENERG – Gestão e Projectos, SA and Iberwind 
Group that allowed accomplishing this study in Caramulo, Pinhal Interior and Lousã wind facilities. 
References
Five “key references”, selected by the authors, are marked below (Three recommended (l) and two highly 
recommended (ll) papers).
1. Crockford, N.J. 1992. A review of the possible impacts of wind farms on birds and other wildlife. 
Joint Nature Conservation Committee. Report nº 27. Peterborough, Reino Unido.
2. Travassos, P., Costa, H.M., Saraiva, T., Tomé, R., Armelin, M., Ramírez, F.I. & Neves. J. 2005. 
A energia eólica e a conservação da avifauna em Portugal. [Wind energy and the conservation of 
avifauna in Portugal]. SPEA, Lisboa.
3. Drewitt, A.L. & Langston, R.W. 2006. Assessing the impacts of wind farms on birds. Ibis 148: 
29-42.
4. Kikuchi, R. 2008. Adverse impacts of wind power generation on collision behaviour of birds and 
anti-predator behaviour of squirrels. J. Nat. Conserv. 16: 44-55.
5. Estep, J. 1989. Avian mortality at large wind energy facilities in California: identification of a 
problem. Staff report no. P700-89-001.California Energy Commission, Sacramento.
6. Orloff, S. & Flanerry, A. 1992. Wind turbines effects on avian activity, habitat use, and mortality 
in Altamont Pass and Solano County Wind Resource Areas 1989-1991 - Final Report. Biosystems 
Analysis, Inc. California Energy Commission.
Table 2. Monitoring studies performed in the last decade with removal trials.
References Monitoring protocol
[46] Daily checks for 15 days and then weekly
[55] Daily checks for 15 days
[56] Daily checks for 20 days
[57] Daily checks for 20 days
[58] Daily checks for 14 days
[37] Daily checks for 8 days and then every other day
[33] Daily checks for 21 days
[59] Daily checks for 4 days, the 7th, 14th, 21th, 28th days
[52] Daily checks for 14 days
[39] Daily checks for 4 days, the 7th, 10th, 14th, 20th, 28th days
[60] Daily checks for 4 days, the 30th and 60th days
[61] Daily checks for 14 days
[62] Checks in the 7th, 15th, 25th and 31th days
[63] Checks for 21 days with gaps of 4/5 days
[64] Daily checks for 4 days, the 7th, 10th, 14th, 18th, 23th, 28th days
[65] Daily checks for 14 days
[38] Daily checks for 8 days
[66] Checks in the 2th, 7th, 10th, 15th and 30th days
[67] Daily checks for 14 days
[68] Daily checks until removal of all carcasses
[40,50] Daily checks for 30 days
[69] Daily checks until removal of all carcasses
[70] Daily checks for 15 days then each 3 days
[71] Checks in the 1th, 7th, 15th and 30th days
[72] Checks in the 1th and 7th days
[45] Daily checks for 15 days
[73] Daily checks for 8 days
[51] Daily checks for 10 days
10 ||  J. Bernardino et al. | Enhancing Carcass Removal Trials at Three Wind Energy Facilities in Portugal
7. Martín, R. 1994. Bird/wind turbine investigations in southern Spain. In: Proceedings of the 
National Avian- Wind Power Planning Meeting, Denver, Colorado, 20-21 July 1994. Canada, pp 
43-47.
8. Winkelman, J.E. 1994. Bird/wind turbine investigations in Europe. In: Proceedings of the National 
Avian- Wind Power Planning Meeting, Denver, Colorado, 20-21 July 1994. Canada.
9. Higgins, K.F., Dieter, C.D. & Usgaard, R.E. 1995. Monitoring of seasonal bird activity and 
mortality on Unit 2 at the Buffalo Ridge Wind plant, Minnesota. Preliminary progress report for 
the research period May 1 - December 31, 1994. Prepared by the South Dakota Cooperative Fish 
and Wildlife Research Unit, National Biological Service, South Dakota State University.
10. Erickson, W., Johnson, G., Young, D., Strickland, D., Good, R., Bourassa, M., Bay, K. & Sernka, 
K. 2002. Synthesis and comparison of baseline avian and bat use, raptor nesting and mortality 
information from proposed and existing wind developments. West, Inc.
11. Hunt, W.G. 2002. Golden eagles in a perilous landscape: Predicting the effects of mitigation for 
energy-related mortality. California Energy Commission Report P500-02-043F.
12. Stewart, G.B., Pullin, A.S. & Coles, C.F. 2005. Effects of wind turbines on bird abundance. 
Centre for Evidence-based Conservation.
13. Everaert, J. & Stienen, E.W.M. 2006. Impact of wind turbines on birds in Zeebrugge (Belgium): 
significant effect on breeding tern colony due to collisions. Biodivers. Conserv. 16(12): 3345-
3359.
 doi:10.1007/s10531-006-9082-1 
14. Carrete, M., Sánchez-Zapata, J.A., Benítez, J.R., Lobón, M. & Donázar, J.A. 2009. Large scale 
risk-assessment of wind-farms on population viability of a globally endangered long-lived raptor. 
Biol. Conserv. 142(12): 2954-2961
 doi:10.1016/j.biocon.2009.07.027 
15. Erickson, W., Johnson, G., Strickland, M., Young, D., Sernka, K. & Good, R. 2001. Avian 
collisions with wind turbines: a summary of existing studies and comparisons of avian collision 
mortality in the United States. National Wind Coordinating Committee. Washington D.C.
16. Erickson, W., Johnson, G.D. & Young, D.P. 2005. A summary and comparison of bird mortality 
from anthropogenic causes with an emphasis on collisions. USDA Forest Service Gen. Tech. Rep. 
PSW-GTR- 191.
17. Drewitt, A. & Langston, R.H. 2008. Collision effects of wind-power generators and other 
obstacles on birds. Ann. N.Y. Acad. Sci. 1134: 233-266.
18. Madders, M. & Whitfield, D.P. 2006. Upland raptors and the assessment of wind farm impacts. 
Ibis 148: 43-56.
19. Erickson, W. 2004. Bird and bat fatality monitoring methods. In: Schwartz, S. (ed.), Proceedings 
of the wind energy and birds/bats workshop: understanding and resolving bird and bat impacts. 
Washington, DC. May 18-19, 2004. Prepared by RESOLVE, Inc., Washington, D.C., pp 46-50.
20. Rodrigues, L., Bach, L., Dubourg-Savage, M.J., Goodwin, J. & Harbusch, C. 2008. Guidelines 
for consideration of bats in wind farm projects. EUROBATS Publication Series No. 3. UNEP/
EUROBATS Secretariat, Bonn, Germany.
21. Hötker, H., Thomsen, K.M. & Köster, H. 2006. Impacts on biodiversity of exploitation of 
renewable energy sources: the example of birds and bats - facts, gaps in knowledge, demands 
for further research, and ornithological guidelines for the development of renewable energy 
exploitation. Michael-Otto-Institut im NABU, Endbericht, Germany.
22. Morrison, M. 2002. Searcher Bias and Scavenging Rates in Bird/Wind EnergyStudies. White 
Mountain Research Station Bishop, California






Wildlife Biology in Practice 2011, 7(2)  || 11
24. Bispo, R., Palminha, G., Bernardino, J., Marques, T. & Pestana, D. 2010. A new statistical method 
and a web-based application for the evaluation of the scavenging removal correction factor. In 
Proceedings of the VIII Wind Wildlife Research Meeting, Denver, EUA.
25. Anderson, R., Morrison, M., Sinclair, K. & Strickland, D. 1999. Studying Wind Energy/Bird 
interactions: a guidance document - Metrics and methods for determining or monitoring potential 
impacts on birds at existing and proposed wind energy sites. National Wind Coordinating 
Committee. Washington.
26. Gauthreaux, S.A. 1996. Suggested practices for monitoring bird populations, movements, and 
mortality in wind resource areas. In: Proceedings of National Avian - Wind Power Planning 
Meeting II, 1995. RESOLVE Inc., Washington, D.C. e LGL Ltd., King City, Ont. pp. 88-110.
27. Kunz, T.H., Arnett, E.B., Cooper, B.M., Erickson, W., Larkin, R.P., Todd, M., Morrison, M.L., 
Strickland, M.D. & Szewczak, J.M. 2007. Assessing impacts of wind-energy development on 
nocturnally active birds and bats: a guidance document. J Wildlife Manage 71(8): 2449 2486.
28. Sterner, D., Orloff, S. & Spiegel, L. 2007. Wind turbine collision research in the United States. 
In: De Lucas, M., Janss, G.F.E. & Ferrer, M. (eds), Birds and wind farms: risk assessment and 
mitigation. Madrid: Quercus, pp. 81-100.
29. Costa, J.C., Aguiar, C., Capelo, J.H., Lousã, M. & Neto, C. 1998. Biogeografia de Portugal 
Continental. [Biogeography of Portugal]. Quercetea 0: 1-56.
30. Bio3 2007. Monitorização da comunidade de aves no parque Eólico de Caramulo - relatório 2 
2006. [Monitorization of bird populations at Caramulo wind farm - second report 2006]. Bio3 - 
Estudos e projectos em biologia e valorização de recursos naturais.
31. Bio3 2007. Monitorização da comunidade de aves no parque Eólico de Pinhal Interior - relatório 
2 2006. [Monitorization of bird populations at Pinhal Interior wind farm - second report 2006]. 
Bio3 - Estudos e projectos em biologia e valorização de recursos naturais.
32. Bio3 2008. Monitorização da comunidade de aves no parque Eólico de Lousã I - Relatório II (Ano 
2007 - Fase de Exploração). [Monitorization of bird populations at Lousã wind farm I - second 
report 2007]. Bio3 - Estudos e projectos em biologia e valorização de recursos naturais.
33. Kerns, J, Erickson, W.P. & Arnett, E.B. 2005. Bat and bird fatality at wind energy facilities in 
Pennsylvania and West Virginia. In: Arnett, E.B. (ed), Relationships between bats and wind 
turbines in Pennsylvania and West Virginia: an assessment of bat fatality search protocols, 
patterns of fatality, and behavioural interactions with wind turbines. A final report submitted to 
the Bats and Wind Energy Cooperative. Bat Conservation International, Austin, Texas, USA. pp 
24-95.
34. Cox, D.R. & Oakes, D. 1984. Analysis of Survival Data. Chapman & Hall, London.
35. Collet, D. 2003. Modelling Survival Data In Medical research, Chapman & Hall.
36. Kaplan, E.L. & Meier, P. 1958. Non parametric estimation from incomplete observation. J. Amer. 
Statistical Assoc. 53: 457-481.
 doi:10.2307/2281868 
37. Brown, W.K. & Hamilton, B.L. 2006. Monitoring of bird and bat collisions with wind turbines 
at the Summerview Wind Power Project, Alberta. Terrestrial & Aquatic Environmetal Managers 
ltd.
38. Higgins, K.F., Osborn, R.G. & Naugle, D.E. 2007. Effects of wind turbines on birds and bats in 
Southwestern Minnessota, U.S.A.. In: Lucas, M., Janss, G.F.E. & Ferrer, M. (eds), Birds and wind 
farms.  Servicios Informativos Ambientales/Quercus, Madrid, Spain, pp. 153-175.
39. Erickson, W., Johnson, G., Strickland, M.D. & Kronner, K. 2000. Avian and bat mortality 
associated with the Vansycle Wind Project. Umatilla County, Oregon. Western EcoSystems 
Technology, Inc.
40. R-Project. 2008. R-project version 2.7.2. Copyright (C) 2008 The R Foundation for Statistical 
ll
12 ||  J. Bernardino et al. | Enhancing Carcass Removal Trials at Three Wind Energy Facilities in Portugal
Computing.
41. Bio3. 2010. Monitorização da comunidade de aves e quirópteros no Parque Eólico da Serra do 
Mú. Relatório 3 (Fase de Exploração - ano 2009). [Monitorization of bird and bat populations at 
Serra do Mú wind farm - Third report (Post- construction - year 2009)]. Bio3 - Estudos e projectos 
em biologia e valorização de recursos naturais.
42. Procesl. 2010. Monitorização da comunidade de aves no Parque Eólico de Alto Minho I. Relatório 
3 (ano 2008/2009) [Monitorization of bird populations at Alto Minho I wind farm - Third report 
(year 2008/2009)]. Procesl - Engenharia Hidráulica e Ambiental, Lda.
43. Bio3. 2010. Monitorização da comunidade de aves no Parque Eólico de S. Macário. Relatório 
3 (Fase de Exploração - Ano 2). [Monitorization of bird populations at S. Macário wind farm - 
Third report (Post- construction - year 2)]. Bio3 - Estudos e projectos em biologia e valorização 
de recursos naturais.
44. Bio3. 2009. Monitorização da comunidade de aves no Parque Eólico de Mosqueiros. Relatório 
3 (Fase de Exploração - Ano 2008). [Monitorization of bird populations at Mosqueiros wind 
farm - Third report (Post- construction - year 2008)]. Bio3 - Estudos e projectos em biologia e 
valorização de recursos naturais.
45. Strix 2007. Plano especial de monitorização de quirópteros na Serra do Marão: Parque Eólicos de 
Penedo ruivo, Seixinhos e Teixeiró - Ano 1 (2006). [Special monitoring protocolo for bats at Serra 
do Marão: Penedo ruivo, Seixinhos e Teixeiró wind farms - first year (2006)]. Strix, Lda.
46. Jain, A., Kerlinger, P., Curry, R. & Slobodnik, L. 2007. Annual Report for the Maple Ridge 
Wind Power Project: Post construction bird and bat fatality study - 2006. Final Report. Curry & 
Kerlinger, LLC.
47. Lizarraga, J.L. 2003. Seguimiento de la mortalidad de aves y murcielagos en los parques eólicos 
de Navarra. [Monitorization of birds and bats mortality at Navarra wind farm]. Guardabosques, 
nº21.
48. Anderson, R., Neumann, N., Tom, J., Erickson, W., Strickland, M. D., Bourassa, M., Bay, K.J. & 
Sernka, K.J. 2004. Avian monitoring and risk assessment at the Tehachapi Pass Wind Resource 
Area. Subcontractor Report. National Renewable Energy Laboratory.
49. Saraiva, T.M. 2005. Estudo de monitorização do Parque Eólico de Fonte dos Monteiros. Relatório 
Final. [Monitorization study of Fonte dos Monteiros wind farm]. Instituto de Conservação da 
Natureza.
50. Bio3 2007c. Monitorização da comunidade de aves no parque Eólico de Candeeiros - relatório 
1 (2005-2006). [Monitorization of bird populations at Candeeiros wind farm - first report (2005-
2006)]. Bio3 - Estudos e projectos em biologia e valorização de recursos naturais.
51. Silva, B., Barreiro, S., Hortêncio, M. & Alves, P. 2008. Parque Eólico do Caramulo: Monitorização 
de quirópteros. Relatório 3 - Ano 2007. [Caramulo wind farm: bats monitorization. Third report 
- year 2007].. Plecotus, Lda
52. Strickland, M.D., Johnson, G.D., Erickson, W., Sarappo, S.A. & Halet, R.M. 2000. Avian use, flight 
behaviour, and mortality on the Buffalo Ridge, Minnesota, Wind Resource Area. Proceedings of 
National Avian-wind Power Planning Meeting III, May, San Diego, CA.
53. Wobeser, G. & Wobeser, A.G. 1992. Carcass disappearance and estimation of mortality in a 
simulated die-off of small birds. J. Wildlife Dis. 28:548-554.
54. Pain, D.J. 1991. Why are lead-poisoned waterfowl rarely seen? The disappearance of waterfowl 
carcasses in the Camargue, France. Wildfowl 42:118-122.
55. Jain, A. 2005. Bird and bat behaviour and mortality at a northern Iowa wind farm. Master Thesis, 
Iowa State University.
56. Fiedler, J.K. 2004. Assessment of bat mortality and activity at Buffalo Mountain wind farm. 
Master Thesis, University of Tennessee, Knoxville.
Wildlife Biology in Practice 2011, 7(2)  || 13
57. Fiedler, J.K., Henry, T.H., Tankersley, R.D.& Nicholson, C.P. 2007. Results of bat and bird 
mortality monitoring at the expanded Buffalo Mountain wind farm. Tennessee Valley Authority.
58. Barrios, L. & Rodriguez, A. 2004. Behavioural and environmental correlates of soaring-bird 
mortality at onshore wind turbines. J Appl Ecol 41: 72- 81.
 doi:10.1111/j.1365-2664.2004.00876.x 
59. Johnson, G., Erickson, W., Strickland, M.D., Shepherd, M.F., Shepherd, D.A. & Sarappo, S.A. 
2003. Mortality of bats at a large-scale wind power development at Buffalo Ridge, Minnesota. 
Am. Midl. Nat. 50: 332-342.
 doi:10.1674/0003-0031(2003)150[0332:MOBAAL]2.0.CO;2 
60. Kerlinger, P., Curry, R. & Ryder, R. 2000. Ponnequin wind energy project: reference site avian 
study. Richard Curry Associates. McLean, Virginia & Colorado State University, Fort Collins, 
Colorado.
 doi:10.2172/753779 
61. Strickland, M.D., Johnson, G. and Erickson, W. & Kronner, K. 2001. Avian Studies at Wind 
Plants Located at Buffalo Ridge, Minnesota and Vansycle Ridge, Oregon. Proceedings of National 
Avian-wind Power Planning Meeting IV, May, San Diego, CA.
62. Kerlinger, P. 2002. An assessment of the impacts of Green Mountain Power Corporation’s wind 
power facility on breeding and migrating birds in Searsbur, Vermont. National Renewable Energy 
Laboratory Report. Golden, CO, USA.
63. Schmidt, E., Piaggio, A.J., Bock, C.E. & Armstrong, D.M. 2003. National Wind Technology 
Center Site Environmental Assessment: Bird and Bat Use and Fatalities—Final Report. University 
of Colorado Boulder, Colorado.
64. Young, D.P., Erickson, W., Strickland, M.D., Good, R.E. & Sernka, K.J. 2003. Comparison of 
avian responses to UV-light-reflective paint on wind turbines. Western EcoSystems Technology, 
Inc. Cheyenne, Wyoming.
65. Johnson, G., Erickson, W., White, J. & McKinney, R. 2003. Avian and bat mortality during the 
first year of operation at the Klondike: Phase I Wind Project, Sherman County, Oregon. Western 
EcoSystems Technology, Inc.
66. Onrubia, A., Sáenz, M., Andrés, T. & Angel, M. 2002. Estudio de la incidencia sobre la fauna del 
parque eolico de Elgea - 2000/2001. [Study of fauna mortality at Elgea wind farm - 2000/2001]. 
Consultora de Recursos Naturales, S.L.
67. Lekuona, J.M. & Ursúa, C. 2007. Avian mortality wind power plants of Navarra (Northern 
Spain). In: Lucas, M., Janss G.F.E. & Ferrer, M. (eds), Birds and wind farms: risk assessment and 
mitigation. Quercus. Madrid, Spain, pp 177-192.
68. Cañizares, J.A., González, R., Martinez, C. & Sánchez Lopez, J. 2007. Plan de seguimento 
faunístico del Parque Eólico de Sierra de Oliva. [Monitorization of fauna at Sierra de Oliva wind 
farm]. EIN - Castilla-La Mancha, S.L.
69. Santos, R.M. 2006. Monitorização da Mortalidade de Avifauna e Quirópteros Decorrente da 
Instalação de Parques Eólicos nas Serras do Alvão e Marão. [Monitorization of mortality on birds 
and bats at Serras do Alvão e Marão wind farms]. Relatório Final de Estágio. Universidade de 
Trás-os-Montes e Alto Douro.
70. Profico 2007. Programa de monitorização da mortalidade de aves e quirópteros do Parque Eólico 
do Outeiro - 2006. [Monitorization of birds and bats mortality at Outeiro wind farm - 2006]. 
Profico-Ambiente
71. Colmus 2007. Monitorização do Parque Eólico das Terras Altas de Fafe - relatório de monitorização 
da fauna e paisagem - nº1 (2005/2006). [Monitorization of Terras Altas de Fafe wind farm - 
monitoring report of fauna and landscape - nº1 (2005/2006)].
14 ||  J. Bernardino et al. | Enhancing Carcass Removal Trials at Three Wind Energy Facilities in Portugal
72. Neves, J., Paulino, N., Múrias, T. & Gonçalves, D. 2007. Monitorização do impacte na avifauna 
do Parque Eólico de Pampilhosa da Serra - Relatório final. [Monitorization of avifauna mortality 
at Pampilhosa da Serra wind farm - Final Report]. Centro de Investigação em Biodiversidade e 
Recursos Genéticos.
73. ProSistemas 2007. Plano de monitorização da avifauna do Parque Eólico de São Pedro 
(Montemuro) - relatório final da fase I. [Monitorization of avifauna at São Pedro (Montemuro) 
wind farm - final report]. ProSistemas - Consultores de Engenharia, S.A.
